rates of organic-mineral fertilizer and the production of dry matter and crude protein of Bracharia Brizantha.
INTRODUCTION
Adequate topsoil management with crop residues can prevent soil erosion, maintain the organic matter content and contribute to the sustainability of crop productivity. Thus, the use of organic mineral fertilizers is an alternative that improves soil structure and fertility, mainly by increasing the organic matter (OM) content, because of the low relative cost and the possibility of reducing the water pollution load, provided that the depth of the ground water, the distance from water springs, and mainly non-polluting doses are respected.
Solid products resulting from a number of human activities, including industry, are generated in quantities and characteristics that require a proper final disposal (Flohr et al., 2005) . Several sources of OM and fertilizer have been used to minimize the costs for agriculture and stock raising; the organic by-product Ajifer L-14 from the fabrication of the essential amino acid lysine has proved interesting as an alternative low-cost source for crops and pastures, providing OM enrichment and fertilization, especially in the case of crops that are not directly consumed by humans.
Ajifer L14 is a liquid product resulting from fermentation. This process occurs when sugarcane syrup is fermented in the production of L-lysine and L-Threonine, which are amino acids used as feed supplement for poultry and swine. This fertilizer has been widely used as a rich source of N, S and OM (Costa et al., 2003) .
The solution serves as a substrate for specific aerobic microorganisms that promote fermentation. The sugar solution is heat-sterilized and no antibiotics are used in the process. Optimum substrate pH is achieved by the addition of NH 3 , to buffer (control pH) the system for fermentation efficiency. The NH 3 also serves as N source. After the removal of lysine or threonine, the resulting solution, containing 1 % of total N, is subjected to evaporation, producing an organic material to which 16 kg m -3 of soybean bagasse is added. The resulting product, containing 1.5 % of N, is called Ajifer L-14.
Livestock farming is one of the most important economic activities in the Cerrado (savannah-like vegetation) region. More than half of an estimated total of 48 million hectares in the region are Brachiaria decumbens pastures (Soares et al., 2000) . However, approximately 80 % of the pastures in the Cerrado are partially degraded, as indicated by the low productivity and low support capacity (Lima et al., 2000) . The low productivity can be explained by the lack of fertilization and liming at recommended quantities and the degradation of the physical soil quality. The recovery of these areas is fundamental for environmental, technical, and economical reasons. To recover these areas, it is essential to improve soil fertility and manage forage plants properly (Oliveira et al., 2005) .
Studies on changes in properties of soil fertilized with Ajifer L-14 are still incipient. It is known that during the dry season (April-August) the pasture quality decreases considerably, consequently reducing the productivity in the exploited area. Aimed at higher OM contributions as well as longer pasture utilization, the study of this residue and the investigation of its feasibility are very important.
In the search for solutions to improve soil conditions and the disposal of industrial products, this study was developed to evaluate the influence of different rates of the product called Ajifer L-14 on chemical properties of a Red Latosol and the response in forage production, in the northwestern region of São Paulo State, Brazil.
MATERIAL AND METHODS
The study area is located on the sedimentary plateau of Paraná, in the city of Rubiácea, São Paulo, Brazil (latitude 21º18'56" S, longitude 50º 42'12" W, average 414 m asl). The climate according to Köppen is Aw, humid tropical, with a rainy season in the summer and dry season in the winter. The relative humidity in the rainy months lies between 60 and 80 %. The terrain is slightly sloped, with a flat to gently undulating relief. The soil was classified as a dystrophic A moderate deep and very weathered Red Latosol soil with medium texture.
The study was initiated in September 2005, in a randomized block design with seven treatments and four replications. Each plot covered an area of 100 m 2 (10 x 10 m). The spacing between the blocks was 7.0 m and the plot border was 5.0 m. The quantities of nutrients applied to the soil were defined by the results of chemical soil analysis and the nutritional requirements of brachiaria (Raij et al., 2001) . Urea was used as N source, with 45 % N, and the P and K sources were single superphosphate and potassium chloride, respectively. In September 2005, the soil was limed to reach 50 % of the base saturation. This occurred after lowering of the pasture height, due to intensive grazing. Ajifer L-14 was applied to the soil, on Brachiaria brizantha, on April 28, 2006, with manual garden sprinklers, at the rates determined for each plot.
Ajifer was obtained from the company AJINOMOTO, in Valparaiso, SP, during the production of the essential amino acids lysine and threonine used as animal feed component, mainly for swine and poultry. A sterile sugar solution, to which nutrients such as P, K, Mg, Mn and Fe are added, is used to produce lysine. The chemical characterization showed that Ajifer L-14 contained 8.0 % OM, 0.92 kg kg -1 moisture, 1.5 % N, 0.08 % P, 0.03 % K, 0.003 % Ca, 0.004 % Mg, and 0.89 % S. No B, Cu, Fe, Mn, and Zn were detected in the fertilizer.
The soil was sampled in April 2006. In the soil chemical analysis, the active acidity (pH in CaCl 2 ) was potentiometrically determined. The available values of exchangeable Ca, Mg and K, and P were determined by the ion-exchange resin method, as proposed by Raij et al. (2001) . Based on the results, the sum of bases (SB), cation exchange capacity (CEC) and base saturation (V %) were calculated. The OM content was calculated according to Embrapa (1997) .
Brachiaria dry matter production was assessed in June and September 2006, using a ground area of 1.0 m 2 , at three points per plot, approximately 45 days after cutting, to a height of 0.5 m. The dry matter weight was determined after drying in a forced air oven at an average temperature of 60-70 °C, matter to constant weight, expressed in kg ha -1 . The production of dry matter and crude protein was evaluated, according to the methodology described by Silva (1990) .
To test the influence of organic-fertilizer rates, the data were subjected to polynomial regression analysis, at 5 % by the SAS program (Schlotzhaver & Littell, 1997 
RESULTS AND DISCUSSION
In relation to the levels established for soil fertility in São Paulo State by Raij et al. (1997) the contents found in the soil under study had a very low P content, average values of OM, Mg 2+ , and K + , high acidity, high values for Ca 2+ , and low V % values (Table 1) . Except for K + and CEC, all chemical properties studied were near the natural vegetation conditions, which can be attributed to the OM quality, since the contents were similar in both conditions of soil utilization.
In a comparison after 58 days of by-product application, the treatments did not differ much from the soil with natural vegetation (Table 2 ). However this small difference cannot be attributed to the addition of Ajifer L-14, but to the spatial variability of the soil. The same performance was observed in the layer 0.1-0.2 m.
Although Ajifer L-14 contains some P, its application had no effect on the "available" P concentration in the soil (Table 2 ). According to Cantarella et al. (1992) , the release of P from organic materials is relatively slower, which indicates a possible lack of time for effective P mineralization during the study period. However, there are no reports in the literature on the decomposition rate of this byproduct. When applying sewage sludge, opposite results are observed. Trannin et al. (2005) reported that 10 Mg ha -1 of dry sewage sludge increased P availability in the soil, resulting in equivalent corn yields to the complete mineral fertilization.
Regarding N, even when its quantity is not determined in the soil, it was found that its content in the essential amino acid lysine is very high, characterizing it as having a great potential for N supply to the soil, besides presenting a relatively low C/N ratio. As for differences between treatments 58 days after application, no differences were found between the chemical properties when the mineral fertilization effects were compared to the effect of Ajifer L-14 application (Table 2) . This was probably due to the fast decomposition of organic material in the substance.
The application of Ajifer L-14 did not increase the OM content, but it was observed that for Ajifer L-14 treatments, values were very similar to the control and mineral fertilization and superior to the control treatment with natural vegetation (Table 2 ). The maintenance of the OM content is important for tropical soils with naturally low OM levels, indicating Ajifer L-14 as an additional alternative to maintain and raise soil OM levels. De Maria et al. (2007) observed that sewage sludge application increased the OM content, but only in the surface layer of the soil under study, 0.00-0.10 m. Opposite results were reported by Andrade et al. (2005) , when evaluating the quality and quantity of OM and organic C and N in Latosol growing eucalyptus, treated with biosolids; they found that the total soil levels of C and N were not affected by the treatments after five years of applying alkaline biosolid or mineral fertilizers.
Statistical differences were observed regarding Al saturation in the layer 0.0-0.1 m between the assessment periods (beginning of the study and after applying the treatments), considering that the soil was slightly more acid 58 days after treatment applications (Table 3 ). In the nitrification process, soil acidification occurs due to the release of H + ions (Melgar et al., 1999) . Similar results were obtained by Abd El-Moez (1996) , with the application of 5-60 t ha -1 waste from guava processing (dry) to alkaline soils in Egypt, who attributed the acidification to the release of organic acids and consequently of H + ions by the decomposition of organic material. Trannin et al. (2008) found an acidification in soil as a result of treatments of biosolid application.
At the depth of 0.1-0.2 m, there were differences between the periods in the P and OM contents (Table 3 ). In the treatment with mineral fertilizer, the OM content was lower than in the control, but did not differ from the others. As the mineral elements were promptly available in this treatment, microbial activity was probably more intense, increasing OM mineralization. The OM content was similar to that observed by Oliveira et al. (2005) , who reported a decrease of OM content over time.
Calcium and Mg concentrations and the CEC and V % values were not significantly affected by Ajifer L-14 applications (Table 3 ). This may be related to the short period of residue application and the decomposition rate of the organic waste achieved by the end of the study. Similar results were observed by Côrrea et al. (2005) for the chemical contents in soil treated with organic wastes from the guava processing industry. Oliveira et al. (1995) found no K increase in the area treated with 20 Mg ha -1 sewage sludge and reported that the increase of Ca and Mg in the soil was not sufficient to change the soil CEC.
Regarding dry matter production and quality of Brachiaria, different interactions between assessment periods and treatments were observed, i.e., after the application of Ajifer L-14 (Table 4 and Figure 1 ). Although the chemical soil properties were not good indicators of the changes caused by the Ajifer L-14 application in the evaluation period, the same was not true for Brachiaria. The treatment that received the recommended Ajifer L-14 dose differed from the area that received 50 % less and from the area treated with mineral fertilizer in dry matter production. For crude protein, the treatment that received 125 % of the recommended dose of Ajifer L-14 had a better performance than the control treatments, as well as the treatments with mineral fertilizer and with a 50 % lower Ajifer L-14 rate. Forage production response must be related to N addition, because Ajifer L-14 represents a good N source. In regression analysis there was a polynomial relationship between the N level in the treatments (rates of organic-mineral fertilizer) and dry matter (Figure 1 ), indicating an increasing N content, as the rates of Ajifer L-14 applied to the soil increase. Araujo et al. (2009) , studied the influence of sewage sludge on soil fertility and nutrition of brachiaria grass, observed that the sludge dose of 80 mg dm -3 N soil, equivalent to four times the N requirement, increased the dry biomatter production and leaf N content of Brachiaria decumbens.
The increase in dry matter production of Brachiaria by applying by-products was also observed by Oliveira et al. (2003) . The authors found higher yields in fertilized treatments than in the control, and the addition of N is essential. In the first year of Brachiaria brizantha forage recovery, Oliveira et al. (2005) found a dry matter production of 2,200 and 7,000 kg ha -1 after N fertilization.
The crude protein contents in Brachiaria dry matter were, in general, within the average range (5 to 10 %) (Gomide 1982) . For Fernandes et al. (2002) , crude protein below 6 % is low. It was found that the control and the treatment with mineral fertilization were different from the Ajifer L-14 treatments with 125 and 150 % of the recommended rate (Table 4 and Figure 1 ). It must be highlighted that the treatment with mineral fertilization, which received 50 % of the recommended Ajifer L-14 amount as well as the control, were the least promising treatments in dry matter and crude protein production of Brachiaria. With a similar behavior as in the case of dry matter, crude protein production increased with increasing Ajifer L-14 rates (Figure 1) .
Apparently, only a small part of the organic content of the byproduct was decomposed within the short study period. However, the results suggest potential benefits in the application of waste from the lysineproducing industry (Ajifer L-14) for soil fertility, indicating its use in agricultural systems.
CONCLUSIONS
1. There was no effect of organic mineral fertilizer on the soil chemical properties.
2. Regression analysis indicated a polynomial relationship between the application rates of organicmineral fertilizer and the dry matter and crude protein production of Bracharia Brizantha.
3. The short study period of nine months was not long enough for the degradation of the applied organic waste. 
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